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,QWURGXFWLRQ
5DWLRQDOO\GHVLJQHGVHOIDVVHPEOHGVXSUDPROHFXODUVWUXFWXUHVWKDWFUHDWHVHOIRUJDQL]HGIXQFWLRQDOPDWHULDOVDUH
RI IXQGDPHQWDO LQWHUHVW IRU DSSOLFDWLRQ LQ HOHFWURQLF PDWHULDOV FDWDO\VLV>@ JDV VWRUDJH RU JDVPROHFXOH
VHSDUDWLRQV>@ DQG LQ QDQRWHFKQRORJ\>@$PRQJ WKHVH )HUURFHQ\O IXQFWLRQDOL]HG FRRUGLQDWLRQ FRPSOH[HV DUH RI
SDUWLFXODU LQWHUHVWGXH WR WKH UREXVW DQG VZLWFKDEOHFKHPLFDOQDWXUHRI WKH IHUURFHQH)HUURFHQHPRGLILHGVXUIDFHV





7KH HOHFWURFU\VWDOOL]HG SURGXFWV ZHUH LVRODWHG DQG LQYHVWLJDWHG E\ 6(0 IRU VWUXFWXUDO PRUSKRORJ\ DQG HQHUJ\
GLVSHUVLYH;UD\(';DQDO\VLV
([SHULPHQWDO
$OO UHDFWLRQVZHUH FDUULHG RXW XQGHU LQHUW DWPRVSKHUH XVLQJ6FKOHQN WHFKQLTXHV  6ROYHQWVZHUH SUHGULHG DQG
GLVWLOOHGIURPDSSURSULDWHGU\LQJDJHQWV7KHPDWHULDOVZHUHV\QWKHVL]HGE\DQDGDSWDWLRQRIDOLWHUDWXUHPHWKRG>@
&\FOLFYROWDPPRJUDPVZHUHUHFRUGHGLQDGULHGJODVVFHOOSXUJHGZLWKSXULILHGDUJRQ$PPGLDPHWHUSODWLQXP
GLVF HOHFWURGH ZDV XVHG DV ZRUNLQJ HOHFWURGH DQG D 3WZLUH VHUYHG DV FRXQWHU HOHFWURGH ZKLOH D .&OVDWXUDWHG
FDORPHO HOHFWURGH 5DGLRPHWHU 5HI  VHUYHG DV WKH UHIHUHQFH HOHFWURGH8QGHU WKHVH FRQGLWLRQV WKH UHYHUVLEOH




WKH VXUIDFH6(0 LPDJHV DQG(';PHDVXUHPHQWVZHUH HLWKHU WDNHQRQ D -(2/ -60/96FDQQLQJ(OHFWURQ
0LFURVFRSHXVLQJD%6(GHWHFWRUDQGDQDFFHOHUDWLQJYROWDJHRIN9	N9UHVSHFWLYHO\5HVXOWVDQG'LVFXVVLRQ
2.1. Synthesis and spectroscopic characterization 
%ULHIO\FURVVFRXSOLQJUHDFWLRQEHWZHHQHWK\Q\OIHUURFHQHDQGLRGRS\ULGLQHLQVWRLFKLRPHWU\LQUHIOX[LQJ
i3U1+7+) PL[WXUH UHDGLO\ JDYH OLJDQG />@7KHSURGXFWZDV SXULILHGE\ IODVK FKURPDWRJUDSK\ DQG DQ
RUDQJHFU\VWDOOLQHSURGXFW)RUFRPSOH[HVDUDWLRRIOLJDQG/DQG&X;ZKHUHDVDUDWLRRIIRUOLJDQG/
DQG&X;; &O%U,ZHUHGLVVROYHGLQGU\GLFKORURPHWKDQHXQGHUDUJRQDWPRVSKHUHDQGDOORZHGWRVWLUIRU
KUV DW URRP WHPSHUDWXUH1HXWUDO SURGXFWV IRUPHGZKHUH WKH S\ULG\OPRLHW\ RI OLJDQG/ FRRUGLQDWH WR&X LQ WKH
FRPSOH[/&X,/&X;; %U&O	>@
2.2. Absorption and Energy of Band Gap 















SRWHQWLDOVZHUH REVHUYHG XQGHU VLPLODU FRQGLWLRQV VHH)LJ 7KLV FRXOG UHVXOW IURP FRQVLGHUDEO\ ORQJHU )H)H
GLVWDQFH6HYHUDOVWXGLHVKDYHVKRZQWKDWVXEVWDQWLDOHOHFWURQLFLQWHUDFWLRQPD\VWLOORFFXULQFDVHVZKHUHFRQMXJDWHG




VKLIW WR PRUH SRVLWLYH SRWHQWLDO LV H[SHFWHG IRU HOHFWURQZLWKGUDZLQJ HWK\Q\OIHUURFHQH FRPSOH[HV> @  7KH
F\FOLFYROWDPPRJUDPVIRUFRPSOH[HVDOOH[KLELWHGXQUHVROYHGPXOWLHOHFWURQR[LGDWLRQSHDNVRIPRUHFRPSOH[
VKDSH
2.4. HOMO/LOMO Estimation 
7KHFRUUHVSRQGLQJ+202DQG/802OHYHOVZHUHFDOFXODWHGXVLQJ(R[RQVHWIRUWKHPHDVXUHPHQWVLQVROXWLRQ
7KH HVWLPDWLRQV ZHUH GRQH ZLWK WKH HPSLULFDO UHODWLRQ (+202   >(R[ (IHUURFHQH @ H9 RU (/802   >(UHG
(IHUURFHQH@H9)HUURFHQHZDVXVHGDVH[WHUQDOVWDQGDUG(IHUURFHQHLVHTXDOWR9ZKLFKFDQEHXVHGLQ
HTXDWLRQ WR FDOFXODWH WKH(+2027KH UHVXOWV DUH VXPPDUL]HG LQ7DEOH %DVHGRQ F\FOLF YROWDPPHWU\ UHVXOWV/
VKRZV(+202 H9(JDS H9DQG(/802 %DVHGRQWKHF\FOLFYROWDPPHWU\UHVXOWVFRPSOH[HV
VKRZV(+202 	(JDS 	ZKLFKPHDQVWKDWWKH+202OHYHOVDUHDOPRVWHTXDODQG
DOVR DOPRVW LGHQWLFDO WR WKH +202 OHYHO RI WKH OLJDQG / 7KH (/802 FDOFXODWHG WR EH   DQG 
UHVSHFWLYHO\7KH/802HQHUJ\ OHYHOVRI WKH FRPSOH[HVDUH IRXQG WREH LQFUHDVHG FRPSDUHG WR WKH/LJDQG7KH
F\FOLF YROWDPPRJUDP UHYHDOHG EURDGHQHG XQUHVROYHGPXOWLHOHFWURQ R[LGDWLRQ SHDNV RI PRUH FRPSOH[ VKDSH IRU
FRPSOH[HVFRPSDUHGWRWKDWIRUWKHOLJDQG/6LPLODUEURDGHQLQJLQSHDNVKDVEHHQUHSRUWHGSUHYLRXVO\DOVRGXH
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2.5. Electrode surface analysis  
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RQ WKHHOHFWURGHVXUIDFH 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7KHHOHFWURFU\VWDOOL]HGFRPSOH[ LVDVVXPHG WREH WKHVHPLR[LGL]HGFRPSOH[
VWDELOL]HG E\ WZR 3) DQLRQV IURP WKH VXSSRUWLQJ HOHFWURO\WH 7KLV K\SRWKHVLV LV VXSSRUWHG E\ WKH ('; GDWD
VKRZLQJWKH)H3DQG3)UDWLRVDQGUHVSHFWLYHO\LQDJUHHPHQWZLWKLQH[SHULPHQWDOHUURURI(';ZLWK
WKHSURSRVHGWHWUDPHUSURGXFWFRPSOH[>@3) 'HQGULWHKDVDVWUXFWXUHFRQVLVWLQJRIDPDLQVWHPDQGPDQ\






FRPSOH[ VKRZ IRUPDWLRQRI OHDIOLNH VWUXFWXUH RQ WKH HOHFWURGH VXUIDFH(DFKJURZWK LV JUHDWHU WKDQPDQG
PRUH YHUWLFDOO\ JURZQ FRPSDUHG WR FRPSOH[ )RUPDWLRQV RI GLIIHUHQW VKDSHV GXULQJ FU\VWDOV JURZWK KDYH EHHQ
UHFHQWO\ GHPRQVWUDWHG E\ 1RRUGXLQ HW DO>@  ,W H[SODLQHG EDVLFDOO\ WZR GLIIHUHQW JURZWK W\SH L WRZDUGV WKH
VROXWLRQDQGLLDZD\IURPWKHVROXWLRQGXHWRSDVVLYDWLQJVSHFLHVFRQFHQWUDWLRQDVDIXQFWLRQRIS+,QRXUFDVHZH
QRWLFHG WZRJURZWKEHKDYLRXUZKHUHVHPLR[LGL]HG>@>3) LVJURZQPRUHKRUL]RQWDO DZD\IURPWKHVROXWLRQ
VHH)LJ$WRWKHHOHFWURGHVXUIDFHZKLOHWKHGLR[LGL]HG>@3) LVJURZQPRUHYHUWLFDOWRZDUGWKHVROXWLRQ
VHH)LJ%7KHUHDVRQIRUWKLVJURZWKEHKDYLRXULVXQNQRZQ(';GDWDDUHFRQVLVWHQWZLWK)H3DQG3)UDWLRVRI
 DQG  UHVSHFWLYHO\ LQGLFDWLYH RI D FRPSOH[ >@ 3) )RUPDWLRQ RI WKLV SDUWLDOO\ R[LGL]HGPDWHULDO
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EH WKHVHPLR[LGL]HGFRPSOH[>@3)7KH(';VWRLFKLRPHWULHVKDYHWREHFRQVLGHUHGDVDSSUR[LPDWHDQGD
IXOO VWXG\ LQFOXGLQJ FU\VWDOORJUDSK\ RI R[LGDWLRQ SURGXFWV ZLOO EH QHFHVVDU\ LQ IXWXUH ZRUN 7KH REVHUYDWLRQ RI
SDUWLDOO\R[LGL]HGPDWHULDOVFRXOGEH LPSRUWDQWGXH WR WKHLUPRUHXQXVXDOHOHFWURQLFSURSHUWLHVZKLFK LQ WKLVFDVH
FRXOGEH H[SHFWHG WREH VLPLODU WR WKDW RI DGRSHGPDWHULDO RU DPDWHULDOZLWKSDUWLDOO\ ILOOHG)HdEDQG>@7KH
GHVLJQRIFRPSOH[VKDSHVIURPVLPSOHFRPSRQHQWVZLWKDKLJKOHYHORIFRQWURORYHUPRUSKRORJ\KROGVSURPLVHIRU





FRPSOH[HV KDV EHHQ GHYHORSHG VWDUWLQJ IURP FRRUGLQDWLRQGULYHQ VHOIDVVHPEOHG QHXWUDO WHWUDIHUURFHQ\O
HWK\Q\OS\ULGLQ\OFRSSHUFRPSOH[HV7KHEDQGJDSDQG+202/802HQHUJ\OHYHORIWKHPDWHULDOZHUHHVWLPDWHG
7KHQHXWUDOPXOWLQXFOHDUFRPSOH[HVFDQEHR[LGL]HGXQGHUPLOGFRQGLWLRQVZLWKIRUPDWLRQRIWKHSDUWLDOO\R[LGL]HG
HOHFWURFU\VWDOOL]DWLRQ SURGXFWV ZLWK SDUWLDOO\ RFFXSLHG IHUURFHQH HOHFWURQLF EDQG VWUXFWXUH ZLOO EH RI LQWHUHVW LQ
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